A random effects ordered response model of training is estimated to analyze the existence of training tracks and time varying coefficients in training frequency. Two waves of a Dutch panel survey of workers are used covering the period 1992-1996. The amount of training received by workers increased during the period 1994-1996 compared to 1992-1994. Evidence is found for the existence of training tracks in the amount of training courses taken. It is further found that the effects of individual characteristics such as education, age and gender on training should be treated as individual varying coefficients. [JEL Classification: C25, I21, J24] 
Introduction
During the past decade, employers and employees have become increasingly aware of the importance of firm-related training. In many European countries unions have made training for workers part of their collective wage bargaining agreements with firms. The main aim for unions is to have firms provide training for all workers. The underlying idea is that training makes skilled workers more scarce and that this will enable unions to negotiate higher wages for them.
The increased importance attached to firm-related training has contributed to a growing attention to the determinants of participation in firm-related training. Access to training is not the same for everyone. There is substantial evidence that some workers are offered more opportunities for investment in training than others.
1 The probability of receiving training is generally found to increase with ability characteristics such as the level of education, decreases with age and is higher for male workers than for female workers.
For surveys on the literature on the participation in firm-related training, see Bishop (1997) and Groot (1999) .
Until now, empirical research in this area has mainly focused on analyzing differences in participation in training between workers with different characteristics. As a result we are able to say with some degree of confidence that on average higher educated workers, younger workers and male workers are more likely to receive training. Little is known about the variation in the frequency i n training incidence among workers with certain characteristics. Are all higher educated young male workers likely to receive training, or are some of them more likely to be trained than others? Is the frequency by which these workers receive training always higher than average? Are there groups of workers who receive more training than others all the time or only some of the time? Is participation in training correlated over time and does participation in training in one period increase the likelihood of receiving training in the next period as well? In other words, are there workers who can be said to be on a training track? And if some workers are on a training track, how does this relate to differences in observable individual characteristics such as education, age and gender? These are the questions that are addressed in this paper.
The object of this study is to analyze variation among workers of a certain education and age group and to establish the inter-temporal correlation in training frequency. A high inter-temporal correlation in training among workers strengthens the argument that training increases inequality between workers. As investments in human capital -such as trainingincrease wages and the chances of work, differences in training increase social inequality (wage inequality, employment opportunities, etc.). As a result a positive inter-temporal correlation in training frequency might be an additional source of labor market segmentation. Not only may the inequality in employment and earnings opportunities increase because of differences in individual observable characteristics (education, age, gender) , if some workers are on a training track this can be a source of inequality as well.
The outline of this paper is as follows. In order to analyze the inter-temporal correlation in training frequency a random effects ordered response model of investments in training is described in Section 2. In the empirical analysis, we use two waves of a longitudinal data set for the Netherlands. As we use two waves of panel of workers, we observe training frequency over a four year period. This allows us to analyze the evolvement of training over time. To the best of our knowledge there are no studies that have looked at how participation in training of i ndividual workers changes over time. The data are described in Section 3. The data on training frequency refer to the number of training courses taken by individual workers over a two years period. The number of training courses taken by workers is an ordinal variable, hence the use of an ordered probit model in the estimations.
We also present some specification tests for the robustness of our findings. The estimation results and the specifications tests are presented in Section 4 and 5, respectively.
A model of training investment
According to human capital theory, agents invest in training courses if the discounted present value of the benefits exceed the costs of training. Decisions on firm-related training are taken jointly by the employer and the employee: in general, the employer has the choice whether or not to offer training, the worker has to decide whether to accept the training offered. Since we have no information about this decision making process, the starting point of the empirical model is the training frequency function (T * ). The training frequency of The individual specific effect µ i is treated as a random effect and is assumed to be normally distributed. The random effect ordered probit model is estimated by maximum marginal likelihood estimation. The likelihood function is integrated with respect to the distribution of the parameters ß 0 and µ i to obtain a marginal likelihood free of the random parameter (see Agresti & Lang 1993) . For details about the maximum marginal likelihood estimation procedure, see Hedeker & Gibbons (1994) . The estimation was done with MIXOR, a Fortran based computer program for mixed-effects ordinal regression analysis (Hedeker & Gibbons 1996) .
The information on the number of training courses taken could also have been treated as a count variable. However, training courses may differ in the size and content. It is likely that there is a trade-off between the number of training courses taken and the amount of training per course, i.e. for workers who have taken many courses the duration per course is likely to be less than for workers who have received only few training courses. Hence, an ordered response model seems to be more appropriate than a mere count model on the number of training courses. The specification of the empirical model is problematic if it affects the outcomes of the analysis. In this paper we test for the choice of the empirical model by comparing the results from the ordered probit equations with those of a poisson regression model.
Data and descriptive analysis
The data for the empirical analysis are taken from the 1994 and 1996 waves of the Dutch OSA-Labor Market Survey. This data set is a longitudinal survey of individuals aged between 15 and 65 years. Interviews for the survey are conducted approximately every two years since 1985. Unfortunately we are only able to use the two last waves of the survey.
The reason for this limitation is that the on-the-job training questions were phrased differently before 1994. Every wave of the sample contains about 4500 individual observations. From this survey we selected individuals who participated in the survey both in 1994 and 1996, and who were in paid employment at the time of both the interviews.
This reduces the sample size to 3682 observations. previous studies on the determinants of firm-related training, our study has the advantage that we not only look at whether or not one participates in any training but also analyse the number of training courses taken.
Only few studies have looked at the determinants of the frequency of training, i.e. the number of training courses taken. One of the exceptions is Arulampalam & Booth (1997) .
This study uses a hurdle negative binomial model to estimate the number of work-related training courses. It is found that women undertake significantly fewer training courses than men. Further, younger and higher educated workers engage in training more frequently.
[ Table 1 here] Table 1 contains the frequency distribution of the number of training courses taken during the period 1992-1996 in our data set. The figures illustrate the gradual increase in training participation in the Netherlands. In the period 1992-1994 67% of the workers participated in training, while during 1994-1996 nearly 72% participated in at least one training course.
Further the share of workers who took seven or more courses in two years time nearly tripled. The share of workers with 4 -6 courses increased as well, while the share of workers with 1-3 courses declined.
[ Table 2 here]
In Table 2 we calculated the average number of training courses taken by various subgroups in the employed population for the periods -1994 to the 1992-1994 period, workers on average received 0.7 more courses during the period 1994-1996. In the latter two year period the average number of courses received was 2.7. 
Estimation results
One assumption on which the ordered probit method is based is that the covariance between two observations is zero. With longitudinal data -as used in this paper -this amounts to the assumption that the error term of the unit of analysis (i.e. individual workers)
is assumed to be uncorrelated over time. If they are, the effect of clustering on the training frequency is assumed to be similar for all individuals. It might well be, however, that the training frequency of individual workers is correlated over time. With a positive intertemporal correlation in training frequency, workers with a low (high) training frequency in one year have a low (high) training frequency in the next year as well. This positive intertemporal correlation may affect training opportunities for workers. The findings in Table 3 seem to confirm this. It shows that for more than 75% of the workers the number of training courses taken between 1992 and 1994 equaled the number of training courses received in the period 1994-1996. For less than 25% of the workers the training frequency either increased or decreased over time. This suggests that there is a strong positive intertemporal correlation in training.
[ Table 3 Table 3 indicate that roughly speaking the within subjects correlation is 0.89 while the between subjects correlation is 0.11.
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From the estimates for the entire sample of workers it appears that the intertemporal correlation in training is high. It might be asked whether this finding holds for all sub-groups among workers. To analyze this we repeat this exercise for different age, education and gender groups in our sample. In all sub-samples distinguished the intertemporal or within subjects correlation in training frequency is close to 90%. Furthermore, in nearly all sub-samples the percentage of workers receiving the same amount of training courses during 1992-1994 as in the period 1994-1996 is 60% or more.
[ Table 4 here] Somewhat surprisingly the age effect on training frequency is positive, indicating that older workers take part in more training courses than younger workers. In the equation
we control for years of tenure at the current firm, however. The tenure effect on training is strongly negative.
Only in the random effects estimates we find a statistically significant effect of gender on training. In the random effects equations the training frequency for male workers is higher than for female workers.
As was already apparent from Table 1 If we compare the results of the standard ordered probit equation with the random effects estimates in column 2, we find that the likelihood increases dramatically compared with that in column 1. This indicates that the intercept should be considered as a varying coefficient. That is, training frequency varies over time and there is a time specific component to individual training frequency.
We also tested whether the coefficient of the age variable in our model could be considered as random effects varying over time, and whether this affects the results of the analysis. Regarding the latter, we find that treating parameters as random, increases the size of the other coefficients in absolute size. According to Snijders & Bosker (1999, p. 228) this is known in the biostatistical literature as the phenomenon that the populationaveraged effects (i.e. effects in models without random effects) are closer to zero than cluster-specific effects (which are the effects in models with random effects).
The estimation results in column 3 of Table 4 show that the effect of age should be treated as a random coefficient. Including age as a random parameter changes the loglikelihood from -5374.67 to -5240.71.
Next we tested whether the education coefficient is a random effect. Treating the education coefficients as random effects reduces the loglikelihood from -5240.71 to -5211.53. As this exceeds the critical value of the Chi-square distribution with two degrees of freedom, we may conclude that education is a random variable in our model as well.
Finally, the gender effect should also be treated as a random coefficient. If we include gender as a random variable the loglikelihood decreases from 5240.71 to 5206.59. Men are in general more likely to receive training than women, but some men (and women) are more likely to receive training than others.
Some extensions and specification tests
A limitation of the ordered probit equation is that we have to specify a cut-off point. In the analysis we have used seven or more training courses as a cut-off. To test the robustness of the ordered probit results to this cut-off, we estimated some poisson regression equations on the total number of training courses taken. The summary of the parameter estimates in Table 5 shows that the poisson regression estimates are comparable to the ordered regression coefficients. This strengthens our believe in the robustness of our finding to the type of model fitted to the data.
[ Table 5 here]
Next, we present results for men and women separately. The estimation results are found in Table 6 . A test on the equality of coefficients for men and women is rejected by the data. However, both the statistical significance levels and the signs and magnitudes of the coefficients for male and female workers are quite similar. Separate estimations for men and women therefore do not fundamentally change our conclusions.
[ Table 6 here]
Thirdly, we test for the endogeneity of years of education in the training equation.
We estimate an equation using instrumental variables for years of education and years of education squared. As instruments for years of education we use three dummy variables for quarter of birth (see Angrist & Krueger 1991) and two dummy variables for changes in the minimum school leaving age (see Harmon & Walker 1995) .
3
The parameter estimates for the equation using IV for years of education and years of education squared are found in Table 6 as well. The coefficients of both variables are positive, indicating that the probability that a workers receives training increases with years of education. If we use actual years of education, we find an inverse U-shaped relation between years of education and training, whereas we find that with IV higher educated workers are more likely to participate in training.
Instrumental variable estimations are not without pitfalls. We present some test results proposed by Bound, Jaeger & Baker (1995) to indicate the quality and validity of the instruments used. We test for the relevance of using instrumental variables for education by a Hausman (1978) test. The test statistic shows that the null-hypothesis of no misspecification in the equation using actual years of education is rejected. This indicates that it is necessary to treat years of education as an endogenous variable in the training equation. Next, we test for the quality of the instruments of years of education by a F -test on the joint significance of the instruments in the first stage equation. The F -test shows that the instruments -quarter of birth and minimum school-leaving age -are good predictors of years of education. 4 Finally, we test for the validity of the instruments by a test of overidentifying restrictions (Sargan test). We find that especially the minimum schoolleaving age exerts a highly significant direct influence on training, thereby making their validity questionable. We conclude that it is relevant to instrument education, that the quality of the instruments we use is good, but that their validity is questionable.
Conclusion
Two conclusions can be drawn from the analysis in this paper. The first is that we have found evidence to suggest that some workers are on a training track. Although training incidence ahs increased during the period 1992-1996, there is a considerable consistency in training frequency among workers over time. More than three quarter of all workers received the same number of training courses during the period 1994-1996 as during the two years preceding 1994. This not only indicates that workers who received some training during the first period are likely to receive training during the next period as well, it also implies that workers who now do not participate in training are not likely to receive training in the future as well. Further, there is high inter-temporal correlation in training frequency.
The inter-temporal correlation in training is about 0.9. This indicates that the within worker correlation over time is roughly 0.9.
The second conclusion is that the coefficients of individual characteristics such as education, age and gender should b e treated as random effects, i.e. these characteristics have a varying impact on training frequency. This suggests that not all workers with the same education, age and gender receive the same amount of training, but that some of them receive more training than others.
Continued vocational training as a source of skill formation is becoming more and more important. This is witnessed by the fact that participation of workers in firm-related training has increased over the past years. Not all workers have benefited from this increase.
Some workers are more likely to receive training than others. Further, there is a strong inter-temporal correlation in training frequency. These two facts combined lead us to expect that some workers are on training tracks, while others are not.
There is evidence to suggest that the wage effects of investments in firm-related training are highly positive. If some workers are molded into training tracks while others are not, this may increase wage inequality and limit earnings mobility.These findings have implications for policy. Many countries have active policies to foster increase firm-related training. The motivation for public policies to increase training investments is that the high returns are a signal of underinvestment in firm-related training. Market imperfections and risk aversion are believed to cause training investments to be less than optimal. The findings in this paper suggest that policy makers should be aware that these policies are likely to contribute to increased earnings inequality, as access to training is not the same for everyone.
A policy aimed at increasing training for workers is likely to benefit some workers more than others. The high inter-temporal correlation in training frequency combined with the high incidence of workers who receive no or only a small number of training courses over a two year period, suggests that a sizeable fraction of the work force is unlikely to benefit from a policy aimed at increasing firm-related training.
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2. The intertemporal correlation is calculated as: s µ / (s µ + s e ), where in the probit model s e is set to 1.
We estimated the following equation:
where Q1, Q2, Q3 are quarter of birth dummies and MSLA are dummies for minimum school leaving age 15 and 16-17 (standard errors in brackets).
4. However, like Bound et. al (1995) we find that there is only a weak relation between quarter of birth and education. The relation between minimum school-leaving age and education is much stronger. However, this is very much a variable for birth cohort. As participation in training is lower for older cohorts, there is a trade-off here between the quality and the validity of this instrument. Other control variables include: eight dummies for industry, firm size, marital status, years of tenure at the current firm, job level and hours of work; * significant at 5% level; ** significant at 1% level. Other control variables include: eight dummies for industry, firm size, marital status, years of tenure at the current firm, job level and hours of work; * significant at 5% level; ** significant at 1% level. Other control variables include: eight dummies for industry, firm size, marital status, years of tenure at the current firm, job level and hours of work; * significant at 5% level; ** significant at 1% level.
